Protein hydrolysates from angelwing clam were obtained by enzymatic hydrolysis using bromelain. The bitterness of hydrolysates was evaluated based on the degree hydrolysis (DH), sensory analysis, molecular weight distribution and functional group. By using 3 % of enzyme substrate ratio bromelain resulted in high DH value at 12.57 % when angelwing clam was hydrolysed for 2 hours. Sensory analysis showed that angelwing hydrolysate was bitter. Angelwing hydrolysate had molecular weight below 50 kDa. The lower molecular weight indicated that the protein has been degraded into smaller peptide chains which contribute to bitter taste. Moreover, the high peak of amine group in angelwing hydrolysate (3385.6 cm -1 ) suggested that bitterness exists. Angelwing hydrolysate had higher protein content, lower fat content and had good water holding capacity than the flesh. This result suggested that angelwing hydrolysate could be useful as food ingredient even though bitter taste developed after the hydrolysis. Thus, debittering should be considered in order to pave the way for full utilization of angelwing clam hydrolysate as a food ingredient.
Introduction
Angelwing clam (Pholas orientalis) is a marine bivalve found worldwide in countries such as France, Canada, Mexico, Japan, Australia, India, Papua New Guinea, Malaysia and Philippine [1] . In Malaysia, angelwing clam is
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abundantly found in Perlis, Kuala Kedah, Kuala Limau, Yan, Penaga, Telok Ayer Tawar and Kuala Selangor [2] . Protein hydrolysate is well-known protein rich by product that can be utilized as functional ingredients in food systems [3] . According to Jin et al. [4] marine bivalves protein hydrolysate has good functionalities such as high in solubility, water holding capacity, oil holding capacity and surface hydrophobicity. Besides, these marine bivalves protein hydrolysate has high nutritive value such as all essential amino acids that make it suitable to be multifunctional food ingredients. Zhou et al. [5] studies showed that bivalve mollusks such as scallop and abalone protein hydrolysate possessed a significant antioxidant ability that can replace the synthetic antioxidant.
The degree of bitterness that developed during hydrolysis are associated with the level of hydrophobic amino acids and the release of bitter taste peptides [6, 7] . The size of peptide and lower molecular weight peptides are considered crucial to the sensation of bitterness [8] .Therefore, the aim of this study was to investigate the development of bitter flavour in angelwing hydrolysate produced by bromelain.
Materials and Methods
Raw materials
Angelwing clam was purchased from Pantai Remis, Selangor, Malaysia. The clam was placed in ice and transported to the laboratory. Upon arrival the flesh was separated manually, washed and then stored at -20 ⁰C. Bromelain (1.5 AU/g) was obtained from Novozymes.
Preparation of angelwing clam protein hydrolysates
Angelwing hydrolysate was prepared according to the methods by Normah and Fazlika [9] with some modification. An amount of 500 g angelwing clam flesh was mixed with 531.33 mL of distilled water and then minced. The mixture was transferred into 1 L beaker which was then placed in a water bath. The water bath was set at 45 ºC and the pH of the mixture was adjusted to 6. Once the temperature and pH were constant, bromelain was added at 3 % enzyme substrate ratio and the hydrolysis was performed for two hours. The mixture was continuously stirred at 200 rpm. The pH was kept constant throughout the hydrolysis by the addition of 1 N NaOH. At the end of the two hour hydrolysis, the reaction was terminated by heating at 90 ˚C for 15 minutes in a water bath. The mixture was then centrifuged (Hettich ZENTRIFUGEN, UNIVERSAL 320R) at 10000 rpm at 4˚C for 20 minutes. The supernatant was collected and freeze dried using SANYO-Biomedical freeze dryer.
Degree of hydrolysis
The percentage of solubilized protein in 10 g trichloroacetic acid (TCA), in relation to the total protein content of the sample was measured by the method of Silvestre et al. [10] with modification. After hydrolysis, 20 mL of protein hydrolysate was added to 20 mL of 20 % (w/v) TCA to produced 10 % TCA soluble material. The mixtures were left to stand for 30 minutes to allow precipitation followed by centrifugation at 7800 g for 15 minutes (Hettich ZENTRIFUGEN, UNIVERSAL 320R). Soluble protein content in 10 % TCA and total protein content was detected by Lowry method. The DH is calculated as formula equation 1: (1)
Evaluation of bitter taste
The intensity of the bitter taste was conducted according to methods Nilsang et al. [7] . Samples were evaluated by 10 trained panelists who have been trained for three weeks using caffeine solution. Different concentrations of caffeine solutions at 0 to 1500 ppm were prepared and presented to panelists. Panelists were instructed to rate the bitterness by marking a point on a 15 cm line scale. After each tasting, they were asked to rinse their mouth with 10% v/w citrus water and twice with warm water.
Determination of molecular weight distribution by Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
An approximately 1 g of samples was mixed with 10 mL deionized water and then filtered using membrane filter with pore size 0.45µm. An amount 6.5 µL of the solution was mixed with 2.5 µL NuPAGE®LDS sample Buffer (4X) and 1µL NuPAGE® Reducing Agent (10X). The mixture was heated at 70 ºC for 10 minutes. 15µL sample was loaded into each well of the SDS-PAGE system comprising of 12 % resolving gel and 5 % stacking gel.
Benchmark™ protein ladder with the range of 220 to 4.6 kDa was used as a marker. Electrophoresis was performed using the XCell Surelock electrophoresis cell (Bio-Rad laboratories, Hercules, CA, USA). Electrophoresis was run for 50 minutes at 100-125 mA/gel. After the running process, the gels were washed with 100 mL of ultrapure water. Then, the gel was stained using Coomassie Brilliant Blue dye and heated in a microwave oven at 180 °C for one minute. The gel was shaken again in the orbital shaker for about 2 minutes. The process was repeated twice. The gels were destained using ultrapure water and shaken with orbital shaker for another 30 minutes.
Functional group analysis
The functional group analysis in samples was performed using Thermo Nicolet, Avatar 370a Fourier Transform Infer-Red Spectrophotometer (FTIR). This analysis was determined according to Normah et al. [6] with slight modification. The angelwing sample was ground using agate mortar until the particle size became so small (approximately 2.5 micron) that the surface of the solid appears shiny. An amount 0.08 g of powdered potassium bromide (KBr) was added and the mixture was ground for about 30 seconds. The mixture was scraped into the middle and ground for another 15 seconds. The sample and KBr should be finely ground to avoid the mixture from scattering the infrared radiation excessively. The mixture was then placed in an evacuable mold and subjected to a pressure of 10 to 20MPa. Perkin Elmer Spectrum Software was used to control the spectrometer and data were collected over a wavenumber range of 4000 -400 cm -1 with resolution of 4 cm -1 and collection spectra of 16.
Determination of fat content
The extraction and determination of the fat content from the minced muscle or the hydrolysate sample were performed using the Soxhlet extraction method [11] .
Protein concentration
Protein concentration was determined using the Lowry method based on the modified procedure of Hartree [12] .
Water holding capacity
Water holding capacity (WHC) was determined using the centrifugation method according to Diniz and Martin [13] .The samples (0.5 g) of hydrolysate was dissolved in 20 mL water in centrifuge tubes and dispersed with a vortex mixer for 30s. The dispersion was allowed to stand at room temperature for 6 hours, and subsequently centrifuged at 2800 g for 30 min. 
Results and Discussion Degree of hydrolysis (DH) Hydrolysis at pH 6, E/S 3% and at the duration of 2 hours produced 12.57 % degree of hydrolysis by using bromelain. DH has been shown to be affected by the percent and type of enzyme used during the hydrolysis. Increasing the enzyme substrate ratio increased the DH as reported by Haslaniza et al. [14] . By increasing the enzyme concentration, the released peptides were further hydrolysed into amino acid and smaller peptide. According to Bhaskar et al. [15] degree of hydrolysis was higher at elevated temperatures as the degree of hydrolysis increased at increasing hydrolysis time and temperature. Besides, enzyme at given pH also affect the DH percentage as the optimum pH for higher rate of hydrolysis by using bromelain was at pH 6 to 7 [16] .
Evaluation of bitter taste
Quantitative descriptive analysis (QDA) was carried out by ten trained panelists and the result is presented in Figure1a. The scores of bitterness using a 15-cm QDA line scale was 0.47 for the flesh, 9.49 for angelwing hydrolysate and 8.37 for caffeine reference solution. Angelwing hydrolysate was significantly (p< 0.05) bitter compared to the reference solution. The angelwing hydrolysate taste mildly bitter when produced using bromelain.
The bitter taste perceived in angelwing hydrolysate was due to the high amount of enzyme (E/S %) used that contribute to the increased of DH [7] . This result was also supported by Seo et al. [17] where the small amount of S/E% at 0.5 % bromelain used could gave a bitter taste to soy protein hydrolysate. According to Imelda [18] samples showed hydrolysis with different proteases had varying level of bitterness, where alcalase and protamex showed high level of bitterness within 1500 to 2000 ppm caffeine. 
Molecular weight distribution of angelwing flesh and hydrolysate
The electrophoresis patterns of angelwing flesh and hydrolysate are shown in Figure 1b . The flesh consists of many clear bands ranging from 9 to 220 kDa compared to angelwing hydrolysate where clear bands were found very distinctly below 50 kDa. The absence of high molecular weight bands above 50 kDa and the fade bands were at 90, 80 and 60 kDa showed that bromelain is capable of degrading most of the larger protein. According to Jefferey et al. [19] the smaller the peptide, the bitter is the hydrolysate. As shown in Figure 2 , angelwing hydrolysate had thick bands at 4.6 kDa and below compared to the flesh. This suggested that the bitterness was perceived after the hydrolysis. This result was in line with sensory analysis. According to Kristinsson and Rasco [20] , molecular weight with protein below 10 kDa contributed to the bitterness of hydrolysate. While Jeffery et al. [19] stated that bitterness develops when small to medium-sized of hydrophobic peptides <18 kDa were produced after hydrolysis process. This was also supported in previous study by Normal et al. [6] , where green muscle hydrolysate produced using alcalase had molecular weight of <3 kDa were bitter. In this study, angelwing hydrolysate had bands below 15kDa that indicated the hydrolysate has smaller peptide compared to the flesh that contribute to bitterness.
Functional group analysis
The peak ranges between 3500 -3200 cm -1 in Figures 2 represent the N-H of amine group. The functional group of angelwing hydrolysate showed high peak at 3385.6 cm -1 while the flesh showed a peak at 3305.65cm -1 . According to Agrawal and Chiddarwar [21] the functional groups that are usually present in the bitter drugs were amine group. Therefore, this result is in accordance with the sensory analysis which showed that angelwing hydrolysate was bitter due to the presence of the high peak of N-H groups. Besides, Figure 2 showed angelwing hydrolysate has peak bands at 1640 cm -1 while the flesh has a peak bands at 1654 cm -1 which attributed to the carbonyl (C=0) stretch vibration centered approximately between 1650 cm -1 -1540 cm -1 [22] . These bands indicated the presence of functional compounds strong amide I and II in protein amide group (-CONH 2 ) which this amides of carboxylic acid (RCONH 2 ) were bitter [23] . Table 1 , showed the hydrolysate contain 74.41% protein, which increased the protein content to 48.28 % more than the flesh. These results were in line with DH where angelwing hydrolysate had high DH (12.10 %).Previous study stated that the higher DH gave higher protein content [24] . This is because protein that solubilized during hydrolysis contained in the layer of supernatant compared to its precipitate. Fat content in the angelwing flesh (6.43 %) was higher compared to the hydrolysate (3.43 %). As the hydrolysis proceeds, the muscle cell membranes tended to roundup and form insoluble vesicles leading to the removal of membrane structured lipid [25] . The insoluble fraction (vesicles) was separated from the soluble hydrolysate in the form of pellet by centrifugation and removed prior to spray-drying [26] . Thus higher DH lead to higher fat removal.
The water-protein interaction is important factor for functional properties of proteins in food systems [27] . In this studies water holding capacity on powdered angelwing hydrolysate was 4.60 ml/g (Table 1 ). According to Amiza et al. [25] water holding capacity increased with an increased in degree of hydrolysis. Besides, at higher hydrolysis, polar groups such as COOH and NH 2 increased thus gave significant effects on water absorption and tend to exert better water-holding capacity [22] . In this study the functional group analysis showed that NH group peak was higher in angelwing hydrolysate compared to the flesh thus support the finding by Kristinsson and Rasco [28] . Water holding capacity of partly unfolded and hydrolysed proteins is greater than that of the native proteins due to an increase in surface area to mass ratio with an exposure of some previously buried hydrophobic groups [29, 26] . Low-molecular weight peptides from high extent of enzymatic hydrolysis also appeared to be more effective in water-holding capacity than larger size peptides as smaller fragments of peptides are possibly more hydrophilic [30] .
Conclusion
Angelwing hydrolysate has a potential to be good source of food ingredient. However the uses of bromelain in the preparation of angelwing hydrolysate resulted in bitter taste. Thus, further studies may need to be carried out using simple technique of debittering which can enhance the application of angelwing hydrolysate in the food industry.
